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Introduction
We used historical data on the occurrence of the Koala Phasco2arctos cinereus in Queensland to assess long-term change in its distribution. These data will also assist in assessing change in its conservation status. We also discuss the conservation status of I? cinereus in Queensland and the South East Queensland Bioregion. There is a scarcity of detailed and systematic information on l? cinereus distribution and abundance over extensive areas, and conclusions on status are generally based on scanty data, or extrapolations from local surveys.
Views on the conservation status of I! cinereus are highly polarised and there is continuing controversy over status. The Australian Koala Foundation made a submission to the Commonwealth Government in 2004 proposing that it should be listed as vulnerable nationally, reflecting a common feeling among many conservationists about its status. Phillips (2000) argued that I? cinereus should be listed as vulnerable based on large declines in a number of local and regional populations, and stated that "a pessimistic forecaster might suggest that there is a real risk of koalas becoming endangered in the next 10-15 years". However, others have argued that it has a much better status than vulnerable. Melzer et al. (2000) summarised current knowledge of the conservation status of I? cinereus populations. They suggested that habitat destruction is the greatest threat to l? cinereus and that it had undergone a decline in distribution and abundance of greater than 50%) but was not vulnerable. I? cinereus was classified as Lower Risk (near threatened) in the Marsupial and Monotreme Action Plan (Maxwell et al. 1996) and was not considered vulnerable in the National Koala Conservation Strategy (ANZECC 1998) or by the Australian Government (Martin and Handasyde 1999) .
The Scientific Advisory Committee of the Queensland
Minister for Environment assessed the status of I! cinereus in Queensland in 2003. The Committee advised that it should be classed as common wildlife in the State, but considered it to be vulnerable in the South East Queensland Bioregion (Sa ttler and Williams 1 999). Subsequently, the Government listed it as vulnerable in the Bioregion based on "the size of the current population, the rate of habitat loss and known mortality rates" (media statement, Mr I ? Beattie, Queensland Premier, 5 March 2004) . Gordon and Hrdina (2005) discussed the change in populations of l? cinereus in Queensland over the past two centuries. It is thought that population size increased greatly in southern and central Queensland from early settlement until the early 20th century (i.e. a population eruption occurred, Caughley 1970) ) then declined to a lower level. In northern Queensland, major fluctuation in numbers does not seem to have occurred, although abundance probably has declined overall. There were marked regional dififerences in the timing of these population changes. Changes occurred earlier in southern Queensland than in central Queensland.
Community response surveys were carried out in Queensland in 1967 (Kikkawa and Walter 1968) , 1977 (Campbell et al. 1979 ) and 1986 (Patterson 1996 .
The results showed that I ? cinereus was widely distributed and, at a broad scale, still occupied most of its original Methods range, although there was thought to be a major decline at a more local level. Kikkawa and Walter (1968) concluded that numbers had declined significantly, suggesting they might be less than 10% of previous levels, and that distribution had contracted. Patterson (1996) reported a contraction in distribution in the far north and on the western margin of the range. He also identified regions where population concentrations occurred and found that P cinereus had apparently disappeared from a number of localities. In August 1928, the Nature Lovers League surveyed P cinereus in Queensland by writing to Shire Councils, Dingo Boards and municipal Councils with questions on the number of P cinereus in the state, and whether they were in favour of protection (Anonymous 1929; Herbert 1929) . The aim of the survey was to determine the effect of the August 1927 "open season on the distribution and numbers of native bears over the whole state" (Herbert 1929) . Only a summary of the survey results has survived. Seventy-two of the 102 respondents (7 1%) stated or implied that P cinereus was present in their district, indicating that P cinereus had a wide distribution (Table 1) . However, the great majority (90%) also believed that P cinereus was scarce (or absent) in their districts.
Only three replies stated that they were plentiful.
P cinereus point location data were compiled from as many sources as possible covering the period from 1890 to 2000. The data were used to assess change in area of occupancy and extent of occurrence (IUCN 2001 ) over this period in Queensland, and in the South East Queensland Bioregion. Decline in distribution may consist of both local contraction in distribution (measured by area of occupancy) and contraction of the broad distribution of a species (measured by extent of occurrence).
Data sources
Data were obtained from the following sources ( Limitations of the data. As the data were not obtained during systematic surveys, survey effort depended on the presence of observers, and the results may therefore show bias towards areas where observers occur. However, all except the 'EPA' datasets were based on surveys that extended throughout the state, although presumably patchily, and yielded comprehensive State-wide sets of data. This should reduce the level of bias towards regions or local areas. The pre-1967 records for the WPSQ 1967 survey were based on asking respondents if I-! cinereus was present 25 years ago, 50 years ago and before 1900. Due to limitations of people's memory, this kind of data is inherently of low reliability. The locations of many records are of low precision due to the nature of the surveys. Data are much more extensive for later years than earlier years (Table 2 ) and the maps may therefore be biased towards showing better status in the latter period. However, as this is the only information available about past distribution, and given the continuing controversy over 1-1 cinereus status, we consider that its use is justified in drawing cautious inferences about status. IUCN (200 1) justifies making use of available data and making decisions in the face of uncertainty.
Data preparation
State Archives data. Harvest monitoring records were only included in the data if the correspondence in the Archives definitely indicated that I-! cinereus was present in a region. Precise locations were not usually given. Location of the record was therefore assigned to the location of the government office, property homestead or other centre, and it may be inferred that precision of the records is relatively low.
1967 Koala Survey. The original data from the 1967 Koala Survey (Kikkawa and Walter 1968) has been lost. However, one of the authors (GG) has a copy of the data on index cards. These data were entered into an electronic database. Latitudellongitude coordinates were then read from GIs (Arcview) maps or from hard copies of topographic maps. The locations in the copied data were usually given as descriptions of approximate distance and direction from towns or properties in the following form, e.g. "koala sighted 12 miles north-north-east of Roma".
1986-1988 National Koala Survey. Data were extracted from an electronic database, held by one of the authors (RP), containing the survey results. Data included I-! cinereus sightings and I-! cinereus sign, and include historical records from earlier years.
WildNet and NatureSearch, Records were extracted from electronic databases held by the Environmental Protection Agency.
Data analysis
A total of 8083 records was available for the years 1881-2000, mainly from the last 20 years, 1981-2000 (Table   2 ). Maps of I-! cinereus distribution were prepared for 20-year and 30-year periods between 1881 and 2000, using Arcview v. 3.1. Maps were assessed for evidence of contraction or expansion in range using the IUCN (2001) measures, area of occupancy and extent of occurrence.
Area of occupancy in Queensland. Area of occupancy in Queensland was calculated using a 30-minute grid. For comparisons between populations in the early and late 20th century, the periods 1899-1928 and 1917-1936 were chosen in the early 20th century in order to maximise the number of locations. These early records mainly came from the 1967 survey (i.e. historical records from "50 years ago" and "before 1900") and from State Archives data. Area of occupancy for each of these periods was compared with that for 1981-2000. Data for the period 1981-2000 were obtained from the 1789 National Koala Survey records (mainly representing the years 1986-88) ( Table 2) . A total of 676 locations was used in 1899-1928, and 533 locations in 1917-1936 . To ensure that area calculations were based on equal numbers of locations, random samples of 676 and 533 locations respectively were selected from the 1981-2000 data for the analysis. For each analysis, 10 random samples were chosen, area of occupancy was calculated for each sample, and the mean of the 10 areas was used for comparison with the two early 20th century periods. Change in area of occupancy was also assessed for the period, 1881-1940, which was taken to represent the harvest period, Area of occupancy was calculated for three 20-year periods, 1881-1900, 1901-1920 and 192 1 -1940 , using a similar approach as described above. As 210 locations were available for the earliest period, 10 random samples of 210 records each were used to calculate areas for the following two periods.
Extent of occurrence in Queensland. Data were selected as described above for area of occupancy, including 10 random samples of the 1981-2000 data. Extent of occurrence was calculated for each sample, and the mean of the 10 areas was used for comparison with the two early 20th century periods. -26.2103, Standard parallel 2: -13.2559). Note that polygon areas include sections of ocean along the eastern boundary (e.g. Figure 2 ). The terrestrial area for the period 1981-2000 was also calculated using all available data (6482 records) to determine the full current terrestrial distribution of I?
Area of occupancy in South East Queensland Bioregion.
I ? cinereus was listed as vulnerable wildlife in the South East Queensland Bioregion by the Queensland Government in 2004. Distribution in the Bioregion was therefore investigated to determine if the historical data revealed a change in distribution. Area of occupancy was determined on a 20-minute grid overlaid over the locations. Data sources were the same as described above for area of occupancy in Queensland. The period 1899-1928, with 216 locations, was chosen in the early 20th century in order to maximise the number of locations.
Area of occupancy for this period was compared with that for 1981-2000. For the later period, a data subset of 216 records was selected in 10 random samples, as described above for area of occupancy in Queensland.
Results

Change in area of occupancy in Queensland
Area of occupancy decreased by 16% from 1899-1928 to 1981-2000 (Chi-Square = 3.391 with 1 d.f., P = 0.066) (Table 3, Figure I ), and underwent a significant decline of 3 1% from 1917 -1936 to 1981 -2000 with 1 d.f., P = 0.0005) (Table 3, Figure I) . The difference between the two early periods is due to four additional locations present in the 1917-1936 data, including an outlying Cooktown record, which lead to an increase in area for that period. This data set is therefore assumed to be the most accurate, and the decline is taken as 3 1%.
Latitudinal change in area of occupancy (Table 4) 1917-1936 and 1981-2000 (change in area of MCE Table  5 , Figure 2 ). Kernel estimation methods also showed a substantial decrease in area (23% and 29% respectively, Figure 5 ) (Chi-square = 4.0035 with 1 d.6, P = 0.045).
The decline occurred in the final decade, 1920-1940 (Table 7) . Area of occupancy was also analysed by latitude to detect any latitudinal change in distribution over the harvest period from 1881-1900 to 1921-1940 (Table 7) . Area of occupancy declined in southern and northern Queensland, and increased in central Queensland in the final decade, 1921-1940 (Table 7 ) (Chi-square = 6.0998 with 2 d.f., P = 0.047). Table 5 ) are more likely to be underestimates than overestimates, as the NKS survey is the most comprehensive survey that has been undertaken.
Accurate measurement of change in area of occupancy and extent of occurrence between two periods depends on the assumptions that a full description of the species distribution was available, or that systematic surveys with equal survey effort were carried out at both times. Often, however, there is only partial knowledge of distribution for one or both times. It is clear from discussion in IUCN (2001) that it is intended that IUCN criteria may be used relatively loosely if necessary, for example if there is uncertainty about distribution. When assessing threatened species, it is likely that there will commonly be some uncertainty about distribution, particularly the historical distribution. Here, we measured the areas using equal numbers of records for each period, in an attempt to equalise survey "effort". However, the surveys were not based on systematic sampling, different methods were used for each survey, and it is not certain if the historical distribution was fully known. In addition, minimum convex polygons (used to measure extent of occurrence) often include large areas that are not utilised by the species whose range is being studied, and may only provide an approximate estimate of change in area of distribution. Many attempts to assess change in distribution of Australian mammals will suffer from measurement problems, as the historical distribution of many species is poorly known. Although the historical distribution of I! cinereus in Queensland is much better known than it is for most other native mammals (as a result of the harvest monitoring and the 1967 WPSQ survey), it is still difficult to measure the I! cinereus decline accurately.
Contraction in local distribution
Queensland has been subject to extensive clearing of eucalypt forest and woodland since European settlement. in Australia. They also suggested that clearing that has occurred since their study would take total national loss to over 50%. These figures strongly imply that there has been a substantial contraction in local distribution of I! cinereus since European settlement. The estimated decline in area of potential habitat, 34%, is slightly larger than the decline in area of occupancy, 3 1%, and is unlikely to differ significantly. Although both estimates are imperfect, the relatively close correlation between loss of potential habitat and contraction in area of occupancy supports suggestions that habitat loss has been, and may still be, the major threat to koalas in Queensland. The Australian Koala Foundation (2004) calculation of habitat loss was approximate -all Eucalyptus and Callitris forest and woodland was assumed to be "potential koala habitat". It is likely that the "potential koala habitat" of the study includes much non-habitat or marginal habitat. Not all eucalypt and Callitris vegetation ranks equally as koala habitat, and the estimate is probably too high due to inclusion of relatively high proportions of non-habitat in the cleared areas. For example, in recent years, much of the eucalypt woodland that has been cleared for pastoral development in western Queensland has been low quality habitat, whereas the high quality riverine habitats are less affected by clearing (Gordon et al. 1988; Munks et al. 1996; Sullivan et al. 2004 ).
In the South East Queensland Bioregion, there was a smaller contraction in area of occupancy (23% , Table 6 ) than elsewhere, which was not statistically significant. It is possible that there has been fine scale contraction in distribution that was not detected in this study due to the large size of grid cells (30-and 20-minute grids).
ogist volume 33 (3)
Many records used for the later years in this study came from the 1980s (i.e. the NKS survey). The calculated distribution for the most recent periods therefore will not fully reflect the effect of more recent broad acre clearing occurring in western Queensland in the 1990s. It is likely that this clearing has increased the size of the decline slightly.
I? cinereus persists throughout almost 70% of its former range despite extensive clearing and habitat fragmentation. Some authors consider that habitat fragmentation is a serious threat for I? cinereus (e.g. Hume 1990; Pahl et al. 1990; ANZECC 1998; Seabrook et al. 2003) . McAlpine et al. (2006) showed that fragmentation was important in Noosa Shire, Queensland. Koala occurrence increased with the area of all forest habitats and habitat patch size, and decreased with distance between forest patches, density of forest patches, and density of sealed roads.
However, other studies (e.g. Gordon et al. 1990; White 1999) (Lunney and Leary 1988; Martin and Handasyde 1999) . If the area of distribution also peaked then, it is likely that the range contraction (up to about 27% in extent of occurrence) since about 1900 is the maximum that has occurred. The contraction in range that took place over the two centuries since European settlement should not exceed this figure, and may even be smaller.
As was reported also by Patterson (1996) , contraction in range has occurred on the northern and western margins of the distribution, where there has been relatively little broad acre clearing of eucalypt forest and woodland. (Table 6 ). However, to determine status in the bioregion, the I ? cinereus population should also be assessed against the other IUCN criteria for vulnerable, based on population size, trends in populations, and population modelling, which were not used in this study.
Impact of the Koala Harvest
The I? cinereus harvest correlates with a small change in distribution -i.e. an overall decline in area of occupancy, accompanied by an increase in central Queensland and declines in southern and northern Queensland. These latitudinal trends in area of occupancy correlate partly with the trends in population size at the time of the regulated harvest : numbers increased in central Queensland, declined in southern Queensland and showed little change in northern Queensland (Gordon and Hrdina 2005) . These results are based partly on the same data. However, they differ in that the results in the earlier paper were based wholly on State Archives data, whereas this paper has a large number of records from other sources for the period 1881-1940 ( 
